Résumé. 2014 On étend la méthode du groupe de renormalisation à l'étude de solutions polymères de Abstract. 2014 We extend the renormalization group approach to polymer solutions of arbitrary chain length distribution (polydispersity). In the excluded volume limit polydispersity can be classified as neither relevant, irrelevant, nor marginal. The qualitative properties (the exponents) are not influenced by polydispersity. The quantitative results (scaling functions) are influenced, however, and our method allows for a calculation of these effects. Zero-order (mean field theory) results are easily established and show the structure expected from previous 2014 non renormalization group 2014 work. Further our formulation yields general relations among the osmotic pressure and its thermodynamic derivatives, which arise from the renormalization group symmetry. The overlap and polydispersity dependence of these quantities is governed by a single universal function.
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1. Introduction. -A solution of randomly coiling long chain polymers possesses a type of scaling symmetry described [1] by the renormalization group. This renormalization symmetry dominates the behaviour of chains in a good solvent near the critical point where the mean length N approaches infinity and the chain concentration cp tends to zero. Des Cloizeaux [2] has exploited this symmetry to show that near the critical point the osmotic pressure H depends on N and cp via where the exponent v and the scaling functions are universal, i. e. independent of further properties of the system (temperature T, solvent density ps, etc.). These properties influence only the nonuniversal constant S,,. Subsequently this approach has been used to discuss numerous properties of the polymer solutions [3] [4] [5] [6] . In particular, in an earlier paper [7] (called SW in the following) we showed how renormalization symmetry could be used to give detailed information about the spatial correlations. The renormalization approach can be viewed as the microscopic theory underlying the more phenomenological approaches based on scaling hypotheses [8] [9] [10] [11] . It allows one to verify these hypotheses and to calculate exponents and scaling functions.
A limitation of the renormalization approach to date has been the treatment of the chain length distribution (polydispersity). Most [3, 4] , this transformation process is easy for properties involving one or two chains; it is in principle straightforward for any finite number of chains. Still, this extra needed transformation is an awkward feature of the theory. In particular, it is hard to study general questions about the effect of polydispersity on scaling behaviour using these methods. Accordingly, we are led to incorporate the extra transformations into the basic theory itself so that it describes an arbitrary prespecified chain length distribution P(n) from the outset.
In this generalized formalism we again can establish scaling laws. However, since now the dependence on a single variable, viz. the average chain length N, is substituted by the functional dependence on P(n), neither the existence nor the form of the scaling laws is completely trivial instance, the monograph of Yamakawa [13] ), except that renormalized field theory fixes the effective coupling strength -an undetermined parameter in previous mean-field theories -in the excluded volume limit. This was recently exploited [14] Fig. 1 ).
The factors of I, n, and 2 are introduced in such a way that this expression corresponds directly to the (equilibrium) partition function of our previous In view of the scaling law (3.26) for n/kB T this yields Integrating this equation we find an expression for J1 &#x3E; which is to be compared to the scaling law (3.32).
Our result fort ,u ) follows :
The constant y is defined as y = vd -2 fl. The overlap independent functional Fo can be calculated exactly by evaluating ,u ) in the zero-overlap limit. We use the fact that each chain of length n has a partition function of the form [16] We have used the representation (2.12) of cl together with the relation ho = 2 ni bTb/bMo which both hold for general Verr. To evaluate the other contributions we use the Gaussian model. Taking the A-derivative at A = 1 of the scaling law (3.6) for T 1'' 2m we find Combining these results we find the expression for up in terms of X :
The derivatives have to be taken with fixed ,us/kB T.
This relation is the generalization to arbitrary polydispersity of the results obtained previously [15] for the equilibrium ensemble. We here have omitted the corrections to scaling, which have been discussed for the equilibrium ensemble in ref. [15] . In [14] .
In the mean-field (or tree) approximation only those diagrams without an internal q-integration are taken into account. All vertex functions F 0,2. m &#x3E; 2; r 1,2m, m &#x3E; 1 ; r2,2m, m a 0 vanish identically. The only q-dependence is found in F 1,2 : whereas rO,4 and r1,2 are independent of the momenta :
Here g* is the fixed point value of the renormalized coupling constant [12] . The correlations between arbitrary endpoints have a more complicated structure. One needs the correlations between the endpoint density of the z component and that of the T' component of the solutionfor general T and T'. We denote this as Gb(q, T, -r') without the subscript a. Expressed in terms of the cluster expansion it is the sum of all connected diagrams with a free end on one line of link fugacity r and another on a line of link fugacity i'. This set cannot be expressed as the inverse of a vertex function. Instead, one must include an arbitrary string of irreducible pieces, each connected by a Gb,a(q, T") correlation line with arbitrary T". These diagrams can be represented as an integral equation for Gb(q, s, i'), shown in schematic form in figure 2 Eq. (6.4) is to be interpreted once the integration contour for all the r integrations has been fixed, and is valid for r and r' on that contour. The full endpoint density correlation function Ie(q) is then the weighted average of Gb[SW, eq. (24")] : In this same spirit we can derive expressions for the correlation functions of the link (or monomer) density p. Thus, the renormalized expression for the autocorrelation function ia(q) (both correlated points lie on the same chain) again has the same form as in SW, eq. (25), (cf. Fig. 3a In r ;,0 the two S 2-insertions have to occur in the same polymer line and in r ;,2 the subscript o a » means that only diagrams with the S2-insertion and the two external legs on the same polymer line are to be included.
In order to express the full correlation function for the link density, Io(q), one needs a more complicated formula than in SW, eq. (25), (cf. Fig. 3b [17, 18] where is the mean-field expression for the variable Q (eq. (6.14)). figure, and the proper sum of convolutions for each order can be found by i) drawing all possible diagrams which satisfy a specific set of geometric rules, and ii) adding the specific convolutions to which these correspond. We now state these rules for our renormalized theory.
The basic pieces of the diagrams are displayed in figure 4 . A connected correlation function (cumulant) GL,2m is given by the sum of all connected diagrams which can be constructed out of the free propagator (4a), the 4-point vertex (4b) and the h- function is connected to its external points by legs which do not contribute a free propagator. Figure 6 shows some diagrams contributing to r 0,4(7/1, ..., q4; L 1, L 2, [M] ). This figure also clarifies our conventions concerning the ordering of the variables. In renormalized perturbation theory the diagrams are evaluated according to the following rules :
A propagator of (dimensionless) momentum q, which is part of the ith polymer line, contributes a factor (tri + q2)-1. The temperature t; is characteristic of the ith polymer line. A four point vertex yields a factor -g*/3 and an S2-vertex (of external momentum q ) yields a factor (-1). An h-vertex (M-vertex) in the ith line yields a factor h(ti) (M(ti)). The momentum is conserved at each vertex, which means that the sum of external and internal momenta flowing into any vertex has to vanish. All (Fig. 7) . The renormalization of these diagrams couples the temperatures ti and tj and this coupling creates a qualitative difference of the case ti = tj as compared to ti =A tj. In the former case the system is governed by the isotropic fixed point (tri = t for all i), whereas in the latter case the anisotropic fixed point determines the behaviour in the critical region. At 
